Abstract-The purpose of this paper is to describe a new method to design unidirectional modular extensible linear arrays for regular algorithms. The time complexity of our method is polynomial and depends only on the number of dimensions of the regular algorithm. The designed linear array is asymptotically optimal in space and time.
INTRODUCTION
LINEAR array is one of the most popular and important regular arrays [1] . The attractive features of the linear array include bounded I/O, fault tolerance, minimal communication pattern, and modular extensibility. Previous research done in designing linear arrays for the system of uniform recurrence equations (SURE) fall into two categories. The first one [2] , [3] , [4] , [5] designed linear arrays for different problems case by case. The second category [6] , [7] , [8] , [9] , [10] proposed procedures to design systematically linear arrays for SUREs. On the design of modular extensible linear arrays, four types of conflict-free conditions should be satisfied. They are dependence, computation, link, and memory conflict-free.
The major problem in designing modular extensible linear arrays is to check the link conflicts, either the whole computation domain is necessary to be examined or a diophantine equation needs to be solved and enumerated. To avoid the time-consuming procedure, we propose a transformation matrix in a fixed form that is conflict-free. The time complexity of our method is polynomial and depends only on the number of dimensions of the regular algorithm.
Here is an outline of following sections: Definitions and design concepts are given in Section 2. In Section 3, we propose a conflictfree transformation matrix and prove that the linear arrays designed by our method are asymptotically optimal in space and time. Finally, our concluding remarks are presented in Section 4.
DEFINITION AND CONCEPT
An SURE [11] [12] . The matrix B n¥n can be used to replace D n¥m to form a new dependence matrix of the SURE. Therefore, we consider only that D is an n ¥ n and full rank matrix in the following.
An SURE $ M = (J n , V, F, D) is said to be fully connected (FC-SURE) if any two index vectors in J n are connected [13] . An important property of the FC-SURE is that the absolute value of the determinant of its dependence matrix is one. An SURE is said to be matrix-multiplication-like (MM-SURE) [14] if its dependence matrix is an identity matrix. The first step of our method is to transform an FC-SURE to an equivalent MM-SURE by a unimodular matrix.
THEOREM 1. By the unimodular matrix
, an FC-SURE
and I denotes an identity matrix.
PROOF. See [15] .
A linear array is a four-tuple $ Y = (P, M, C, L), where P is a set of PEs that are logically arranged in a sequence, M a set of memory storage in each PE, C a set of computational units in each PE, and L a set of links in each PE in which each link connects two neighboring PEs. 
THEOREM 2. For a transformation matrix
PROOF. The necessary and sufficient conditions of the first three conflict-free have been proven by Lee and Kedem in [7] . Now, we want to prove the necessary and sufficient conditions of memory conflict-free. 
It is similar to Case 1. Therefore, if the condition of memory conflict-free is satisfied, then
Our method for designing linear arrays is to find a unimodular matrix T u to transform the given FC-SURE to an MM-SURE, and to propose a conflict-free transformation matrix in a fixed form, say T l (Section 3), for mapping the MM-SURE to a linear array. we want to prove that if T l is conflict-free for mapping $ I to
DESIGN OF LINEAR ARRAYS
Two topics are discussed in this section: The first one is that we will give a transformation matrix in a fixed form to design a unidirectional modular extensible linear array for an MM-SURE. The correctness of this transformation matrix is also to be proved. The second topic is that we will prove the designed linear array is asymptotically optimal in space and time. PROOF. We want to prove that
is conflict-free for mapping
is a conflict-free mapping when n = 2. Now, we consider the case of n ≥ 3. Let the index difference between 
• Dependence conflict-free:
• Computation conflict-free:
π .
• Link conflict-free: For the case of e n , no link would be generated, since s n = 0. For each e iπn OE I,
r e i i , we have
Its left-hand side is a polynomial in H with
and max{|k -i|} = n -2 << N £ H. There are two cases to be considered:
• Case 1 (DM n = 0): We have
This equation implies that
To simplify the following descriptions, we assume that i = odd. In the case of i = even, we can prove similarly. 
When n = 3, the equation is null, since i = 1 is the only odd integer less than or equal to n -1.
: When n > 3 and n = even,
When n > 3 and n = odd, the proof is similar to the case of n = even.
When n = 3 (with i = 1), the equation implies HDM 2 = 0. Therefore, DM 2 = 0.
For the case of DM n = 0, we have 
Since T l is conflict-free for mapping $ I to $ Y , from Theorem 3, we know that T = T l T u is also conflict-free for mapping $ M to $ Y . 
EXAMPLE 1 (Matrix multiplication). Since its dependence matrix
D = I,
CONCLUSION
In this paper, the design of a unidirectional modular extensible linear array for an n-dimensional FC-SURE is studied. A polynomial time method is proposed that contains two major steps: In
Step 1, the FC-SURE is transformed to an equivalent MM-SURE by a unimodular matrix. In Step 2, the MM-SURE is mapped to a unidirectional modular extensible linear array by a transformation matrix in a fixed form. Thus, the spacetime mapping transformation matrix for mapping the original FC-SURE to a linear array can be obtained by combining these two matrices together. Furthermore, the linear array designed by our method is asymptotically optimal in space and time.
